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We compared the Neo-Sensitabs tablet assay to both reference M27-A2 broth microdilution and M44-A
disk diffusion methods for testing susceptibilities of 110 isolates of Candida spp. and Cryptococcus
neoformans to amphotericin B, caspofungin, fluconazole, itraconazole, and voriconazole. Neo-Sensitabs
assay inhibition zone diameters in millimeters on three agars (Mueller-Hinton agar supplemented with 2%
dextrose and 0.5 �g/ml methylene blue [MGM], Shadomy [SHA], and RPMI 1640 [RPMI, 2% dextrose])
were obtained at 24 to 72 h. The correlation coefficient of Neo-Sensitabs results with MICs was similar to
that of the disk method for most of the five agents on MGM (R, 0.80 to 0.89 versus 0.76 to 0.89,
respectively). Overall, superior correlation was observed at 24 h for most agents. The exception was
amphotericin B (R values of 0.68 and 0.5 for disk and tablet, respectively, at 48 h versus 0.68 and 0.48,
respectively, at 24 h). In general, Neo-Sensitabs results were less consistent on SHA and RPMI agars.
Although agreement by breakpoint category of Neo-Sensitabs and disk results with CLSI method M27-A2
was also similar on MGM (92.7 to 98.2% versus 95.5 to 100%, respectively), the Neo-Sensitabs method
failed to identify two of the six isolates with high amphotericin B MICs. These data suggest the potential
value of the Neo-Sensitabs assay for testing at least four of the five agents against yeasts evaluated in the
clinical laboratory.

The Clinical and Laboratory Standards Institute (CLSI; for-
merly NCCLS) Subcommittee on Antifungal Susceptibility
Tests has developed reproducible procedures for antifungal
susceptibility testing of yeasts by broth microdilution (docu-
ment M27-A2) and disk diffusion (document M44-A for flucon-
azole and voriconazole) methods (4–7). The Neo-Sensitabs
assay (A/S Rosco Diagnostica, Taastrup, Denmark) utilizes a
9-mm-diameter (1-mm-thickness) tablet for antimicrobial sus-
ceptibility testing including several antifungal agents (3). This
assay has been favorably investigated for testing yeasts with
15-�g fluconazole tablets on either Shadomy (SHA) or RPMI
1640 agar (2, 21, 22) and more recently with posaconazole (9).
Amphotericin B, fluconazole, itraconazole, and voriconazole
tablets (A/S Rosco Diagnostica) and 6-mm disks (Abtek Bio-
logicals Ltd., Liverpool, United Kingdom) are available in Eu-
rope but are not yet available in the United States.

The purpose of this study was to compare the Neo-Sensitabs
tablet assay to both CLSI reference broth microdilution (doc-
ument M27-A2) and disk diffusion (document M44-A) meth-
ods for testing susceptibilities of 10 to 20 isolates each of
Candida (eight species) and Cryptococcus neoformans to five
antifungal agents (amphotericin B, caspofungin, fluconazole,
itraconazole, and voriconazole). The evaluation included the

following determinations: (i) determination of reference MICs
of the five agents by CLSI broth microdilution method M27-
A2, (ii) determination of inhibition zone diameters (in milli-
meters) by the reference M44-A disk diffusion method and by
commercial Neo-Sensitabs tablet diffusion methods, (iii) de-
termination of the correlation coefficient between inhibition
zone diameters (in millimeters) and reference MICs of the five
antifungal agents, and (iv) determination of the agreement by
breakpoint category of disk and tablet inhibition zone diame-
ters (in millimeters) with reference MICs of the five agents.

MATERIALS AND METHODS

Isolates. A total of 110 isolates of Candida spp. and Cryptococcus neoformans
were evaluated by each method. The set of isolates included strains with different
patterns of susceptibility to caspofungin and amphotericin B as well as flucon-
azole-, voriconazole-, and itraconazole-resistant, -susceptible-dose-dependent
(S-DD), and -susceptible isolates (Table 1). The set of isolates also included five
reference isolates recommended for amphotericin B testing (Candida albicans
ATCC 200955 [resistant], Candida lusitaniae ATCC 200950 and ATCC 200951
[resistant], Candida parapsilosis ATCC 200954 [susceptible], and Candida tropi-
calis ATCC 200956 [resistant]), three caspofungin-resistant isolates (two labora-
tory mutants and another provided by M. Pfaller), and the susceptible wild-type
C. albicans isolate (10, 13). The CLSI quality control (QC) isolates Candida
krusei ATCC 6258 and C. parapsilosis ATCC 22019 were tested each time a set
of isolates was evaluated by the three procedures; MICs of each antifungal agent
for both QC isolates were within the established MIC limits (6).

CLSI broth microdilution procedure (document M27-A2). MICs of flucon-
azole (Pfizer Central Research, New York, NY), itraconazole (Janssen, Beerse,
Belgium), voriconazole (Pfizer Central Research), amphotericin B (Bristol-
Myers Squibb Pharmaceuticals Research Institute, Wallingford, CT), and caspo-
fungin (Merck Research Laboratories, Rahway, NJ) were determined by the
CLSI M27-A2 broth microdilution method (4). Final drug concentrations ranged
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from 128 to 0.25 �g/ml (fluconazole) and 16 to 0.03 �g/ml (other agents).
Microdilution trays containing 100 �l of twofold serial dilutions of the antifungal
drugs in standard RPMI 1640 broth were inoculated with 100 �l of the diluted
inoculum containing between 1.0 � 103 and 5 � 103 CFU/ml; microdilution trays
were incubated in ambient air at 35°C for 24 to 48 h (Candida spp.) and 72 h (C.
neoformans), and caspofungin MICs were determined at 24 h (Candida spp.) and
72 h (C. neoformans) (4, 13). Reference MICs were defined as the lowest drug
concentrations that showed either �50% (triazoles and caspofungin) or 100%
(amphotericin B) growth inhibition compared with the growth control (4). QC
isolates were tested in the same manner.

In addition, isolates for which amphotericin B MICs were �1 (including the
amphotericin B-resistant reference isolates listed above) and five isolates of each
species for which MICs were �1, including the susceptible reference C. parap-
silosis ATCC 200954 isolate, were tested by Etest (10).

CLSI disk diffusion procedure (document M44-A). Although the CLSI M44-A
document describes guidelines for fluconazole and voriconazole only (5), we
followed these guidelines for disk testing of these two agents and with certain
modifications for the other agents. Mueller-Hinton agar supplemented with 2%
dextrose and 0.5 �g/ml methylene blue (MGM; Hardy Diagnostics, Santa Maria,
CA) (150-mm plates) was inoculated with the undiluted inoculum (0.5 McFar-
land standard). Ten-microgram amphotericin B and itraconazole (Abtek Bio-
logicals Ltd.), 25-�g fluconazole, 1-�g voriconazole (Becton Dickinson and
Company, Sparks, MD), and 5-�g caspofungin disks were applied to the inocu-
lated agar; two types of caspofungin disks were evaluated (COD [Becton Dick-
inson] and CBD [Oxoid Limited, Basingstoke, Hampshire, England]). The plates
were incubated in ambient air at 35°C. QC isolates were tested in the same
manner.

Neo-Sensitabs tablet assay. The Neo-Sensitabs tablet assay was performed
according to the manufacturer’s instructions (Neo-Sensitabs user’s guide; A/S
Rosco Diagnostica, Taastrup, Denmark) and M44-A guidelines (5). Briefly,
MGM (Hardy Diagnostics) agar plates (150 mm) were inoculated as described
above, and 9-mm tablets (amphotericin B [10 �g], caspofungin [5 �g], flucon-
azole [25 �g], itraconazole [8 �g], and voriconazole [1 �g]) provided by Rosco
Laboratory (A/S Rosco Diagnostica) were evaluated. The plates were incubated
in ambient air at 35°C. QC isolates were tested in the same manner. In addition
to MGM agar, each isolate was inoculated onto Shadomy (A/S Rosco Diagnos-
tica) (3) and RPMI 1640 (RPMI plus 2% dextrose; Remel, Lenexa, KS) agar
plates.

Inhibition zone diameter determination. Zone diameters by both disk and
tablet diffusion assays were measured to the nearest whole millimeter at a point
in which there was either a prominent reduction of growth (80% for triazoles and
caspofungin) or no visible growth (clear zones for amphotericin B) after 24 and
48 h (Candida spp.) and 48 to 72 h (C. neoformans); zone diameter results with
fluconazole and voriconazole by the disk methodology were read only at 24 h as
described by CLSI document M44-A (5).

Reproducibility methodology. Inhibition zone diameters were obtained on
three different days for selected isolates (low and high reference MICs) for 32 of
the 110 yeasts evaluated (9).

Data analysis. For the correlation between reference MICs and inhibition
zone diameters (in millimeters) around the disks and tablets, a linear regression
analysis using the least-squares method (Pearson’s correlation coefficient; MS
Excel software) was performed by plotting zone diameters against their respec-
tive MIC endpoints (9). The reproducibility of zone diameters obtained on
different days with selected study isolates was evaluated by calculating the per-
centage of replicate zone diameters that were within 2 standard deviations from
the mean (9).

Available interpretive CLSI MIC breakpoints (fluconazole, voriconazole, and
itraconazole, defined as susceptible [�8, �1, and � 0.12 �g/ml, respectively],
S-DD [16 to 32, 2, and 0.25 to 0.5 �g/ml, respectively], and resistant [�64, �4,
and �1 �g/ml, respectively]) were used to analyze the agreement by breakpoint
category (6, 7) as follows: (i) agreement by breakpoint category between inhibi-
tion zone diameters (disk and tablet on MGM agar) and 24-h (caspofungin) and
48-h (other agents) reference MICs and (ii) tablet zone diameters on SHA and
RPMI agars and reference MICs (with the same incubation times described
above). Very major errors were identified when the reference MIC was resistant
and the result was susceptible by either tablet or disk. Major errors were iden-
tified when the isolate was classified as being resistant by either tablet or disk and
as being susceptible by the reference MIC; minor errors corresponded to shifts
between susceptible and S-DD or S-DD and resistant. Interpretive criteria are
not available for either amphotericin B or caspofungin. Caspofungin MIC pro-
files indicate that �99% of Candida species isolates are inhibited by �1 �g/ml
and MICs of �8 �g/ml are obtained for C. neoformans (a species that is recog-
nized as being resistant to caspofungin) (8, 13, 14, 16). Traditionally, isolates with

TABLE 1. Set of isolates evaluated and their available well-
documented in vitro data in this and other studiesa

Species (total no. of isolates) Agent

No. of isolates
categorized as:

S S-DD R

C. albicans (20) Fluconazole 5 4 11
Voriconazole 19 1 0
Itraconazole 11 6 3
Amphotericin B 18 NA 2b

Caspofungin 17c NA 3d

C. dubliniensis (10) Fluconazole 10 0 0
Voriconazole 10 0 0
Itraconazole 10 0 0
Amphotericin B 10 NA 0
Caspofungin 10 NA 0

C. glabrata (10) Fluconazole 6 0 4
Voriconazole 7 0 3
Itraconazole 4 2 4
Amphotericin B 10 NA 0
Caspofungin 10 NA 0

C. guilliermondii (10) Fluconazole 8 0 2
Voriconazole 8 2 0
Itraconazole 5 3 2
Amphotericin B 10 NA 0
Caspofungin 10 NA 0

C. krusei (10) Fluconazole 0 8 2
Voriconazole 10 0 0
Itraconazole 0 8 2
Amphotericin B 9 NA 1
Caspofungin 10 NA 0

C. lusitaniae (10) Fluconazole 10 0 0
Voriconazole 10 0 0
Itraconazole 8 2 0
Amphotericin B 8 NA 2b

Caspofungin 10 NA 0

C. parapsilosis (10) Fluconazole 10 0 0
Voriconazole 10 0 0
Itraconazole 8 2 0
Amphotericin B 10 NA 0
Caspofungin 10 NA 0

C. tropicalis (10) Fluconazole 9 0 1
Voriconazole 10 0 0
Itraconazole 8 0 2
Amphotericin B 9 NA 1b

Caspofungin 10 NA 0

Cryptococcus neoformans (20) Fluconazole 19 1 0
Voriconazole 20 0 0
Itraconazole 20 0 0
Amphotericin B 20 NA 0
Caspofungin 0 NA 20

Total (110) Fluconazole 77 13 20
Voriconazole 104 3 3
Itraconazole 74 23 13
Amphotericin B 104 NA 6
Caspofungin 87 NA 23

a Isolates were grouped according to CLSI breakpoints for fluconazole, vori-
conazole, and itraconazole as being susceptible (S), susceptible-dose dependent
(S-DD), and resistant (R). Amphotericin B and caspofungin MICs of �1�g/ml
were categorized as being susceptible, and those of �2 �g/ml were categorized
as being resistant or with reduced susceptibility; most other isolates were eval-
uated in collaborative studies. NA, not applicable.

b Includes proven amphotericin B-resistant (animal model) isolates (10).
c Includes the wild-type caspofungin-susceptible isolate (13).
d Includes two caspofungin-resistant laboratory mutants and one isolate from

M. Pfaller (13).
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amphotericin B MICs that are �1 �g/ml are considered to be resistant, especially
when these results are obtained by the Etest. Based on those susceptibility
patterns, we tentatively grouped the isolates with MICs of �1 �g/ml as being
susceptible and those with MICs of �2 �g/ml as being resistant to analyze the
agreement by breakpoint category between inhibition zone diameters and MICs
for these two antifungal agents.

RESULTS AND DISCUSSION

We have evaluated for the first time the suitability of the
Neo-Sensitabs tablet assay for testing fluconazole, voricon-
azole, itraconazole, caspofungin, and amphotericin B against
Candida spp. and C. neoformans. Also, for the first time, we
have evaluated the suitability of commercial itraconazole and
caspofungin disks. Rosco has developed an agar diffusion assay
by using Neo-Sensitabs tablets and SHA agar. The Rosco
user’s guide has provided interpretive guidelines on both SHA
and RPMI agars (Neo-Sensitabs user’s guide; A/S Rosco Di-
agnostica, Taastrup, Denmark). On the other hand, the CLSI
has recommended MGM agar as the reference medium for
yeast disk testing (5). Because of that, we have investigated the
suitability of this commercially available assay using SHA,
RPMI, and MGM agars. Although the CLSI disk diffusion
method (document M44-A) for testing fluconazole and vori-
conazole (5) has been available for some years, disks are not
commercially available for testing clinical isolates in the
United States.

The reproducibility of the Neo-Sensitabs assay with most of
the five antifungal agents was similar to that of the disk diffu-
sion method (87 to 98% versus 89 to 97%, respectively, within
2 standard deviations). The highest percentages of agreement
were at 24 h for Candida spp. and at 72 h for C. neoformans;
slightly lower percentages of reproducibility were obtained
with itraconazole. These reproducibility results were similar to
those recently reported for testing posaconazole against molds
and yeasts on MGM agar (9) and to those reported in previous
CLSI studies (4, 5).

Table 2 provides disk and Neo-Sensitabs method results for
two CLSI QC isolates with the five antifungal agents. In addi-
tion to reference QC zone limits (5), tentative caspofungin,
obtained in a recent collaborative study with two disks (COD

and CBD) (unpublished data), amphotericin B, and itracon-
azole (Neo-Sensitabs user’s guide; A/S Rosco Diagnostica) QC
zone diameter limits are listed in Table 2. Neo-Sensitabs re-
sults for fluconazole and voriconazole on MGM agar were
within the expected CLSI limits for QC C. krusei ATCC 6258
and C. parapsilosis ATCC 22019 (5), while those on RPMI and
SHA agar were outside the limits. Most of our itraconazole
and amphotericin B Neo-Sensitabs and disk data were within
Rosco’s proposed zone diameter limits on MGM agar for both
QC isolates (Neo-Sensitabs user’s guide; A/S Rosco Diagnos-
tica) but more variable on SHA and RPMI agar. Both caspo-
fungin disk and tablet results using MGM and SHA agar were
within the tentative range listed for C. krusei ATCC 6258 but
outside the range for C. parapsilosis ATCC 22019. Therefore,
MGM agar provided the most consistent Neo-Sensitabs results
for both QC isolates. When reference limits are available for
amphotericin B, caspofungin, and itraconazole, the suitability
of Neo-Sensitabs should be further determined; a study is in
progress regarding the establishment of caspofungin reference
zone limits.

Table 3 lists the results of the correlation coefficient (linear
regression) analysis between disk or tablet zone diameters and
corresponding MICs. MICs read at 24 h (caspofungin for Can-
dida spp.) (13), 48 h (other agents for Candida spp.), and 72 h
(all agents for C. neoformans) were plotted against their re-
spective zones of inhibition in millimeters read at 24 and 48 h
(Candida spp.) and 48 and 72 h (C. neoformans). The correla-
tion of the Neo-Sensitabs assay for fluconazole on MGM agar
was similar or superior to that of the disk in our study (tablet
R, 0.889; disk R, 0.8768) and previous studies (R, 0.6 to 0.7)
(17, 19). Results were slightly higher when RPMI agar, which
has been a medium recommended by Rosco for Neo-Sensitabs
(Neo-Sensitabs user’s guide; A/S Rosco Diagnostica), was
used. Prior Neo-Sensitabs yeast data have been reported only
for fluconazole on SHA agar with a 15-�g disk (21, 22); cor-
relation results in one of those studies were similar (22) to
those in our study performed with the 25 �g tablet on SHA
agar (R, 0.873 and 0.8075, respectively). The 25-�g tablet
matches the concentration of the fluconazole disk described in

TABLE 2. Comparison of QC strain zone diameters by CLSI M44-A disk method versus Neo-Sensitabs assay on three different mediaa

QC isolate Agent

Zone diam limit (mm) Tablet zone diam range (mm) on:

Reference This study
(on MGM agar) MGM RPMI SHA

C. parapsilosis ATCC 22019 Fluconazole 22–33b 22–30 25–29 35–39 17–18
Voriconazole 28–37b 29–36 28–33 39–40 28–30
Itraconazole 28–35c 19–25 24–25 29–30 25–26
Amphotericin B 20–26c 21–24 20–26 20–21 18–20
Caspofungin 13–25d 15–25 11–18 11–15 12–18

C. krusei ATCC 6258 Fluconazole NA 12–14 12–15 18–20 11–15
Voriconazole 16–25b 20–22 24–25 33–34 23–25
Itraconazole 16–22c 16–22 21–22 25–27 19–22
Amphotericin B 15–21c 15–21 19–21 18–21 16–21
Caspofungin 13–25d 16–22 17–19 12–15 16–18

a Tests were performed more than three times with MGM, RPMI, and SHA agars. NA, not applicable.
b CLSI fluconazole and voriconazole zone diameter limits (5). Disk and tablet doses were as follows: 25 �g (fluconazole); 1 �g (voriconazole); 10 and 8 �g,

respectively (itraconazole); 10 �g (amphotericin B); and 5 �g (caspofungin).
c Rosco zone diameter limits on SHA agar.
d Combined zone diameter limits obtained with the two disks (Oxoid and Becton Dickson) in a previous collaborative CLSI study.
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CLSI document M44-A (5). Data regarding the suitability of
the 1-�g voriconazole tablet have not been published. Our
results were similar to or slightly higher (24 and 48 h) than
those observed by the disk in this (Table 3) and other studies
(R, 0.7 to 0.96) (17, 18). In general, similar R values were
obtained for the correlation of Neo-Sensitabs or disk results
with amphotericin B, itraconazole, and caspofungin MICs.
These results were higher at 24 than at 48 h for itraconazole
and caspofungin, as recommended in CLSI document M44-A
(5) (Table 3). In contrast, the 48-h incubation improved the
correlation for amphotericin B. The latter correlation was also
lower than that for the other four agents (tablet and disk). A
lack of publications regarding disk or tablet results for itracon-
azole precluded comparisons, but our R values were suitable by
both methods. Caspofungin disk and tablet testing provided
results (Table 3) that were superior to previously reported
results when RPMI agar was used (R, 0.59 and 0.53 at 24 and
48 h, respectively). However, that study evaluated noncommer-
cial 2.5-�g caspofungin disks (11). Our correlation results in-
dicated that the three agars performed in a similar manner
with most agents; superior results were also obtained when
MGM and RPMI were used compared to SHA agar for caspo-
fungin. Therefore, it appears that MGM is a good alternative
for Neo-Sensitabs (all agents) and disk (caspofungin, itracon-
azole, and amphotericin B) testing, which is fortunate, since
that is the standard medium for testing of yeasts against flu-
conazole and voriconazole (5).

The required evaluation of Neo-Sensitabs and disk results
regarding breakpoint agreement for the three triazoles is pre-
sented in Table 4. CLSI MIC breakpoints and zone interpre-
tive criteria have been established for fluconazole and voricon-
azole (4, 6, 7). MIC breakpoints have also been established for
itraconazole, but guidelines for disk testing are not available.
Although triazole MIC breakpoints have been established only
for Candida spp., breakpoint category analysis has been ap-
plied to C. neoformans using fluconazole interpretive criteria
(19). We have conducted similar analyses for the three tri-
azoles including isolates of this species. Based on itraconazole
MIC breakpoints, the following tentative zone category thresh-
olds were assigned to determine agreement (tablet and disk
diameters): �23 mm (susceptible), 14 to 22 mm (S-DD), and
�13 mm (resistant). Overall, higher interpretive agreement
was observed for the triazoles on MGM (92.7 to 95.5%) than
on the other two agars (84.5 to 97.3%). The higher perfor-
mance of MGM was similar to that reported previously for
fluconazole disk testing (20). The interpretive agreement for
Neo-Sensitabs was comparable to disk results in this study
(95.5 to 96.4%) and previous fluconazole and voriconazole
studies (86 to 99.4%) (12, 17–19). Both disk and tablet were
able to identify the C. neoformans isolate that was S-DD to
fluconazole (18-mm zone diameter) as previously reported
(19). No very major errors and �10% minor errors were ob-
served only for Candida spp. (Table 4). No published data are
available for itraconazole. However, both disk and tablet pro-
vided suitable results when MGM agar was used, despite the
different concentrations of disk and tablet (10 and 8 �g, re-
spectively). The potential for the development of standard
guidelines for itraconazole disk testing following the required
collaborative studies is indicated. The potential use of the
Neo-Sensitabs tablet assay for testing yeasts on the reference
MGM agar with the triazoles evaluated is also indicated by
these results.

Testing conditions have been identified for caspofungin
MIC determinations (13), but neither MIC nor zone diam-
eter breakpoints have been developed for this agent. The
availability of resistant C. albicans laboratory mutants has
made it possible to differentiate isolates with “normal” (or
wild type, 99.7% of �8,000 isolates) susceptibility from
those with decreased susceptibility (resistant mutants and
other isolates) (8, 16). By these testing parameters, our
results (Table 5) reflected those previously published find-
ings: most MICs for Candida were �1 �g/ml, while MICs of
�2 �g/ml were obtained only for the resistant mutants and
isolates of C. neoformans. We grouped isolates with MICs of
�1 �g/ml (corresponding zone diameters of �14 mm) as
being “susceptible” and MICs of �2 �g/ml (corresponding
zone diameters of �13 mm) as being “resistant” for analyz-
ing disk and tablet data. Of the two 5-�g caspofungin disks,
the COD disk (Oxoid) consistently yielded zone diameters
of �12 mm (including for all C. neoformans isolates) for the
“resistant” isolates and of 14 to 34 mm for the “susceptible”
ones. In contrast, the CBD disk (Becton Dickinson) and
Neo-Sensitabs categorized those isolates for which MICs
were �1 �g/ml as being “resistant” (Table 5). However, the
overall level of discrepant values (“major errors”) was low
(2.7% for CBD disk and 5.5% for tablet on MGM). It is
noteworthy that these discrepant results were obtained

TABLE 3. Correlation between inhibition zone diameters in
millimeters (M44-A disk and Neo-Sensitabs tablet methods)

and CLSI document M27-A2 MICs for 110 Candida
species and C. neoformans isolates with

five antifungal agentsa

Agent Method Incubation
time (h)

R value for:

MGM RPMI SHA

Fluconazole Disk 24 0.8768 ND ND
48 NA ND ND

Tablet 24 0.8891 0.9291 0.8075
48 0.8650 0.9210 0.7847

Voriconazole Disk 24 0.7595 ND ND
48 NA ND ND

Tablet 24 0.7931 0.7573 0.7365
48 0.7980 0.7851 0.7096

Itraconazole Disk 24 0.8648 ND ND
48 0.8408 ND ND

Tablet 24 0.8515 0.8255 0.8138
48 0.7946 0.7809 0.7168

Caspofungin Disk 24 0.8945 ND ND
48 0.8036 ND ND

Tablet 24 0.8257 0.8176 0.6881
48 0.7707 0.6881 0.8931

Amphotericin B Disk 24 0.6811 ND ND
48 0.6811 ND ND

Tablet 24 0.4778 0.5584 0.5245
48 0.5032 0.5747 0.5591

a Yeasts used were Candida spp. (24- and 48-h zone readings versus 24-h
�caspofungin� and 48-h �other agents� MICs) and C. neoformans (48-h and 72-h
zones readings versus 72-h MICs �all agents�); MGM, RPMI (RPMI-1640), and
SHA were used. NA, not applicable; ND, not determined.

VOL. 45, 2007 Neo-Sensitabs ASSAY FOR YEAST SUSCEPTIBILITY TESTING 861



mostly for C. parapsilosis and C guilliermondii isolates with
MICs of 1 �g/ml. In an animal model of systemic candidi-
asis, the overall CFU reduction was 100-fold less in mice
treated with caspofungin and infected with isolates of these
two species than in those infected with C. albicans (1). In

this study, narrower zone diameters were generally observed
for C. guilliermondii and especially C. parapsilosis; six of the
eight isolates with MICs of 1 �g/ml belonged to these two
species (data not shown in Table 5). Both caspofungin disk
and tablet results were encouraging; “resistant” isolates

TABLE 4. Agreement of reference MICs (CLSI document M27-A2) and zone diameters in millimeters (M44-A disk and Neo-Sensitabs
tablet methods) according to CLSI breakpoint categorization for 110 Candida species and C. neoformans

isolates with three antifungal agents

Antifungal agent (no.
of isolates tested) Method-mediuma

% of MICs by interpretive
categoryb No. of discrepancies

(zone diam)

% Error
% Agreementc

S S-DD R Minor Major Very major

Fluconazole (110) BMD 75.5 11.8 12.7
Disk 75.5 8.2 16.3 4 3.6 0 0 96.4
Tablet-MGM 74.5 9.1 16.4 5 4.5 0 0 95.5
Tablet-RPMI 76.4 8.2 15.4 4 3.6 0 0 96.4
Tablet-SHA 68.2 12.7 19.1 12 7.3 3.6 0 89.1

Voriconazole (110) BMD 94.6 2.7 2.7
Disk 93.6 0.9 5.5 5 3.6 0.9 0 95.5
Tablet-MGM 93.6 0.9 5.5 5 3.6 0.9 0 95.5
Tablet-RPMI 96.4 0 3.6 3 2.7 0 0 97.3
Tablet-SHA 94.5 0.9 4.6 5 3.6 0.9 0 95.5

Itraconazole (110) BMD 68.2 20 11.8
Disk 64.5 23.6 11.8 5 4.5 0 0 95.5
Tablet-MGM 68.2 18.2 13.6 8 7.3 0 0 92.7
Tablet-RPMI 71.8 18.2 10 14 12.7 0 0 87.3
Tablet-S HA 70 14.5 15.5 17 15.5 0 0 84.5

a BMD, MICs in �g/ml determined at 48 h (Candida spp.) and 72 h (C. neoformans) by CLSI microdilution method M27-A2; Disk, inhibition zone diameters in mm
determined at 24 h (Candida spp.) and 72 h (C. neoformans) by method M44-A; Tablet-MGM, Tablet-RPMI, and Tablet-SHA, inhibition zone diameters in mm
determined at 24 h (Candida spp.) and 72 h (C. neoformans) by the Neo-Sensitabs tablet method with MGM, RPMI 1640, and Shadomy agars, respectively. Tablets
used were 25 �g fluconazole, 1 �g voriconazole, and 8 �g itraconazole; disks used were 25 �g fluconazole, 1 �g voriconazole, and 10 �g itraconazole.

b Percentages of MICs and inhibition zone diameters in mm that were within the following CLSI MIC and disk zone interpretive categories: for fluconazole, an MIC
of �8 �g/ml (�19 mm) was considered susceptible (S), an MIC of 16 to 32 �g/ml (15 to 18 mm) was considered S-DD, and an MIC of �64 �g/ml (�14 mm) was
considered resistant (R); for voriconazole, an MIC of �1 �g/ml (�17 mm) was considered susceptible, an MIC of 2 �g/ml (14 to 16 mm) was considered S-DD, and
an MIC of �4 �g/ml (�13 mm) was considered resistant. For itraconazole, CLSI MIC breakpoints and study assigned the following zone categories: susceptible, MIC
of �0.12 �g/ml (�23 mm); S-DD, MIC of 0.25 to 0.5 �g/ml (14 to 22 mm); R, MIC of �1 �g/ml (�13 mm).

c Percentages of inhibition zone diameters in mm compared with the reference MICs that were in agreement regarding the CLSI breakpoint classification.

TABLE 5. Agreement of reference MICs (method M27-A2) and zone diameters (modified M44-A disk and Neo-Sensitabs tablet methods)
according to tentative resistant (MIC �2 �g/ml) and susceptible (MIC �1 �g/ml) breakpoints for 110 Candida species and

C. neoformans isolates with two antifungal agents

Antifungal agent (no.
of isolates tested) Method-mediuma

Susceptible isolatesb Resistant isolatesb

% Agreementc

% Range (mm) No. of
discrepancies % Range (mm) No. of

discrepancies

Caspofungind (110) BMD 79.1 20.9
Disk-COD 79.1 14–34 0 20.9 NZ–12 0 100
Disk-CBD 76.4 NZ–35 3 23.6 NZ–12 0 97.2
Tablet-MGM 73.6 NZ–26 6 26.4 NZ–10 0 94.5
Tablet-RPMI 40.9 NZ–17 42 59.2 NZ 0 60.9
Tablet-SHA 72.8 11–20 7 27.2 NZ–12 0 93.6

Amphotericin B (110) BMD 94.5 5.5
Disk 94.5 15–27 0 5.5 14–NZ 0 100
Tablet-MGM 96.4 19–38 0 3.6 20–NZ 2 98.2
Tablet-RPMI 96.4 17–32 0 3.6 23–NZ 2 98.2
Tablet-SHA 99.1 15–27 0 0.9 19–NZ 5 95.5

a BMD, MICs in �g/ml determined at 24 h (caspofungin for Candida spp.) to 48 h (other agent for Candida spp.) and 72 h (both agents for C. neoformans) by the
CLSI M27-A2 microdilution method; Disk, inhibition zone diameters in mm determined at 24 h (Candida spp.) and 72 h (C. neoformans) by a modified M44-A method;
Tablet-MGM, Tablet-RPMI, and Tablet-SHA, inhibition zone diameters in mm determined at 24 h (Candida spp.) and 72 h (C. neoformans) by the Neo-Sensitabs tablet
method with MGM, RPMI 1640, and Shadomy agars, respectively. NZ, no inhibition zones around the tablet or disk.

b Percentages of MICs and inhibition zone diameters in mm that were within the assigned tentative MICs and zone diameter breakpoints in this study: susceptible,
MIC of �1 �g/ml (�14 mm for caspofungin and �15 mm for amphotericin B); resistant, MIC of �2 �g/ml (�13 mm for both agents).

c Percentages of inhibition zone diameters in mm compared with the reference MICs that were in agreement regarding the tentative breakpoint classifications.
d COD and CBD, two disks (Oxoid and Becton Dickson, respectively).
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were identified by both methods, and the level of agreement
by “breakpoint category” with the microdilution method was
high.

Due to methodology problems (narrow gap between am-
photericin B MICs for susceptible and resistant strains),
neither disk nor MIC breakpoints are available for this
agent. An amphotericin B MIC of �2 �g/ml has suggested
clinical resistance; it approximates achievable serum con-
centrations after high amphotericin B doses (�1 mg/kg of
body weight per day) and exceeds achievable cerebrospinal
fluid concentrations. This study included four well-docu-
mented amphotericin B-resistant isolates (in vitro and in
vivo data) (10). As for the caspofungin analysis, we catego-
rized these four isolates and one isolate each of C. albicans
and C. krusei as being resistant (Etest and broth dilution
MICs of 2 to �8 �g/ml and corresponding zone diameters of
�14 mm). Other isolates were categorized as being suscep-
tible (MICs of �1 �g/ml and corresponding zone diameters
of �15 mm; most MICs were also below 1 �g/ml by Etest)
(Table 5). The disk method was able to identify the six
resistant Candida isolates (zone diameters, 0 to 14 mm), but
the Neo-Sensitabs assay failed to recognize two (MGM and
RPMI agars) to five (SHA agar) of these isolates (“very
major errors”). Therefore, disk testing appears to be a po-
tential alternative to broth dilution methodology for yeast
isolates with amphotericin B, but the tablet assay does not
appear to be as promising or may require more development
work. However, routine testing with this agent is not rec-
ommended until the controversial issue of establishing
breakpoints for amphotericin B is resolved. Recent attempts
to correlate in vitro results (Etest and CLSI methods) to
clinical outcome for Candida bloodstream isolates failed to
find a significant correlation (15).

In summary, based on reproducibility, the agreement by
breakpoint category, and correlation coefficient data, the op-
timal testing conditions for the Neo-Sensitabs tablet assay for
testing fluconazole and voriconazole appear to be those de-
scribed by CLSI method M44-A for disk testing (MGM agar
after 24 h of incubation for Candida spp. and 72 h for C.
neoformans). This observation also applies to itraconazole and
caspofungin disk and Neo-Sensitabs tablet testing. Further
work is required to improve the testing of amphotericin B by
the Neo-Sensitabs assay against yeasts since the correlation
was low, and this method was unable to identify some well-
documented amphotericin B-resistant isolates. Overall, the
Neo-Sensitabs assay may be an alternative method for use in
the clinical laboratory to determine the susceptibility of yeasts
to four of the five agents evaluated. Collaborative studies to
establish reference QC zone diameters and interpretive zone
diameters for caspofungin and itraconazole as well as interpre-
tive MIC breakpoints for caspofungin are required to better
evaluate the suitability of this method.
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